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By GOWER BOUVERIE RAYXOR PIMM, Assoc. M. Inst. C.E. 
THE present Paper deals with the subject of reinforced-concrete 
piling ; more  particularly in relation  to  the  works  upon which the 
Author  has been  for some time engaged-the construction of 
Ferrycarrig  Bridge, CO. Wexford.  A brief description of this 
work will therefore be given. 
The bridge crosses the tidal portion of the River Slaney at  a 
point about 3 miles above the town of Wexford, the width of the 
river being here 352 feet, with a maximum depth of 33 feet a t  
low-water. The river-bed consists of soft mud, of n depth varying 
between 26 feet  and 38 feet,  and  overlying rock. 
The bridge is constructed of reinforced concrete on the Henne- 
bique  system,  and is carried by thirty-nine reinforced-concrete piles 
in rows of three. Double  rows are used at   the  opening-span,  which 
has  a clear width of 32 feet, the ordinasy  spans  being 30 feet.  The 
piles are 18 inches  square,  and of the hollow diaphragm  type. There 
are longitudinal  and  transverse  bracings, moulded on  land  and fixed 
about 20 feet below lowwater,  and  transverse horizontal and 
diagonal bracings, moulded in situ above low-water. The decking, 
51, inches  thick, is carried  by  curved  longitudinal beams and  trans- 
verse secondary beams. The parapet is of hollow concrete blocks, 
and  for  the roadway  tar-macadam is used. 
THE CONSTRUCTION F FORMS. 
I n  a  structure of this  kind one of the heaviest  items of cost is the 
construction of the forms and centering. Anything in the nature 
of standardization,  therefore, or any device  which will facilitate  the 
erection of these  and  result  in a saving of timber, must commend 
itself to those  responsible for  the work. 
Of the many  methods of making the forms for reinforced-concrete 
piles, that adopted by the contractor on these works appears to be 
Downloaded by [ UNIVERSITY OF IOWA LIBRARIES] on [18/09/16]. Copyright © ICE Publishing, all rights reserved.
Papers.] REINFORCED-CONCRETE PILES. 315 
the most satisfactory and economical. Two rows of 3-inch planks 
are first laid down and carefully levelled (Figs. 1). On these are 
laid  cross-bearers of the  form shown, at  about 4 feet  intervals,  being 
adjusted by aligning the inner edges of the dovetail sinking. The 
bottoms of the forms are  in sections  prepared  beforehand, the 
lengths of the sections  being  equal t o  the clear distance  between the 
cross-bearers. The  latter  are  slightly splayed on the sides to 
facilitate  the  insertion  and removal of the bottom sections, which 
are wedged up flush with the upper surface of the bearers. The 
sides of the forms, made up in suitable lengths, are then notched 
Tip. 1. 
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COMTRUCTION OF FORXS. 
over  [the  dovetail  sinkings and wedged up, being strutted and 
cramped t o  prevent deformation. One of the disadvantages pos- 
sessedbby other methods is that bottoms cannot be used a second 
time  until  the pile is old enough to be lifted,  but by this method 
they can be taken  out  after  a few days, and  the pile left supported 
only by the cross-bearers. Where a large number of piles have to 
be made in a short  time,  the  saving of timber effected  by adopting 
this method is very great, and it is particularly suited to cases 
where the piles have to be made  two or three deep. 
The same system can be adopted in making beam-moulds, and 
-- - 
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with some modification is applicable to nearly all shuttered work, 
whether  horizontal or vertical ; the principle  being that  the sheeting 
is fixed between the  uprights or bearers, as the case may be, instead 
of being  continuous. 
CONCRETE. 
The concrete was gauged in the proportions of 7 cubic feet of 
gravel (2  to inch), 3fr cubic feet of sand and 2 cwt. of cement, or 
about 4% to 1. From a large number of observations in various 
parts of the work it was found that the net volume of finished 
concrete of this class ranged  from 90 to 93 per  cent. of the volume 
of gravel and sand as gauged. Thus, taking the lower of these 
values, 1 cubic yard of concrete would require 20 cubic feet of 
gravel, 10 cubic feet of sand  and 640 lbs. of cement. 
DRIVING AND LENGTHENING PILES. 
The piles ranged  from 55 feet  in lengbh  with  a  weight of 7 tons 
t o  66 feet  in  length  with a weight of about 84 tons. 
They were driven by a monkey weighing 2$ tons, falling 2 feet 
10 inches, the specified set being f r  inch for ten blows. If a pile 
failed to pass this  test when the head was about 18 inches above 
low-water, driving was stopped, and  an  extension was made in  situ. 
The  joints of the reinforcing  bars  were  made by separate fish-tailed 
bars 3 feet long,  securely  wired to  the main  bars of the pile and  the 
extension to prevent displacement when concreting. I n  breaking 
down the concrete of the pile-head to obtain  the necessary lap, care 
was taken  to leave the edges square  and  true  in order to obtain  a 
neat  joint.  The  upper  transverse bracings  were  constructed in  situ, 
just above  low-water, and  the concrete of any  part of the extension 
remaining  above that level after  the  extended pile had  been driven 
to  the specified set was broken away. The steel, however, was left 
as part of the reinforcement in  the columns for the  superstructure, 
thus saving a second difficult ,joint in the reinforcement a t  low- 
water. As the extensions had to set under water it was not con- 
sidered advisable to continue  driving until  at least 2 months  after 
they were  made. 
RECORDS OF DRIVING. 
I n  all cases records were taken during driving of the penetra- 
tion per blow, or the number of blows per inch of penetration, 
according to the rate of driving. The curves plotted from these 
recorrls exhibit some interesting  features bearing  upon the question 
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of skin-friction, particularly in the case of those piles which were 
not driven  continuously. 
Three of these  curves are given in Fig. 2, commencing a t  a  depth 
of 25 feet below the river-bed, the  driving above that depth being 
in these cases very free. 
No. 1 pile was driven 32 feet  into  the river-bed and  then 
extended, driving being continued after an interval of 4 months. 
In   the case of No. 2 there were  two short stoppages of a few hours 
each. The points where the continuity of driving was broken are 
Fiy. 2. 
PENETRATION-CURVES. 
clearly indicated,  being  very  much  more  marked in  the first than  in 
the  other two. 
Pile No. 3 was driven without any stoppage, and the curve is 
given for the purpose of comparison. The change in the slope of 
curve No. 1 is so very marked a t  the  point a,  that had it been an 
isolated case  some doubt  might have  been  entertained  as to whether 
the increased resistance was due 'entirely to skin-friction. But  this 
curve was typical of all  the piles which  were  extended in  situ,  and 
it is a  striking  fact  that,  although  the  penetration  due  to  the  last 
blow delivered before stopping t o  make the extension varied from 
4 inch to  over 5 feet,  yet  there was an extraordinary  similarity  in' 
the records obtained when driving was resumed. The portion of 
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the various curves corresponding with n b in No. 1 was practically 
identical in all cases. A t  point b the curve shows the change from 
decreasing resistance, due to the gradual elimination of temporary 
skin-friction, to increasing  resistance, due  to  permanent skin-friction, 
and  later,  to  contact  with rock. If the portion n 6 is replaced by CL B 
the portion below c being  similar  to that below b, a curve is obtained 
which may reasonably be supposed to represent the driving of the 
pile if no stoppage had been made, This dotted curve will be seen 
to bear a general similarity to No. 3. I n  the same way the upper 
dotted curve may be assumed to represent the natural curve of 
resistance of No. 2 .  
The conclusion to be  drawn  from  these  data is that when for  any 
reason a pile is allowed to  stand  for  any considerable time before 
completing the driving, it should be very  thoroughly  tested. 
There can be no doubt that  in the extreme case of very free 
driving followed by a long rest, no risk should  be taken. For, 
referring again to curve No. l, at the point n where driving was 
resumed, this pile would have passed any but a very severe test, 
and yet, after receiving about forty blows, i t  was driving almost 
as freely as  it was above U ,  i.e. a t  about eight blows to  the foot. 
It is conceivable that the vibration caused by moving loads may 
have the effect of changing the  state of resistmce  from  that  indi- 
cated at any point on n 6 to  that at the corresponding  point  on n c. 
It is, however, possible to be too cautious, and a case occurred 
some time ago in which a clerk of works for some reason passed a 
pile which admittedly just failed to pass the test. The engineer 
insisted some days later  that a further  test should be applied, and 
the pile then not only satisfied the requirements, but showed no 
movement  whatever after a very  severe  hammering. 
It would appear, therefore, that, although an increase of skin- 
friction  takes place and provides an  additional  factor of safety,  this 
reserve of strength should only be  relied  upon when  the  vibration 
in the  structure  is small, or is otherwise  provided  for.  For 
example, a pile may  be  driven  to a stratum,  the bearing strength of 
which is quite  inadequate  to  the load, but its presence, by  limiting 
the vibration, will allow the  full effect of skin-friction to develop. 
The Engineer of the works was Mr. Stafford Gaffney, M.A.I., 
Assoc. M. Inst. C.E., the  Author  acting  as  Resident  Engineer. 
Mr. R. Colhoun, of Londonderry, was the  contractor,  and was 
represented  on  the works  by Mr. 5. Wasson. 
The Paper is accompanied by  two  diagrams, from which the 
Figures in the  text have been prepared. 
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